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Seyhan Delta in the postcultivation phase
1

1

2,

3

Özlem AYTOK , K. Tulühan YILMAZ , İbrahim ORTAŞ *, Halil ÇAKAN
Department of Landscape Architecture, Faculty of Agriculture, University of Çukurova, 01330 Adana, Turkey
2
Department of Soil Science and Plant Nutrition, Faculty of Agriculture, University of Çukurova, 01330 Adana, Turkey
3
Department of Biology, Faculty of Science and Art, University of Çukurova, 01330 Adana, Turkey
1

Received: 01.12.2011

Accepted: 23.05.2012

Published Online: 15.01.2013

Printed: 15.02.2013

Abstract: Changes in the abundance of arbuscular mycorrhizal (AM) spores and root colonization that occurred in the postcultivation
phase were investigated in the coastal dunes of the Seyhan Delta, Turkey. A sampling method was used to obtain community-level
information, which is essential for the evaluation of relations between plant communities and AM colonization. Eight quadrats of 10
× 10 m were selected to describe floristic composition of different plant communities. TWINSPAN was applied to identify the plant
communities. In addition, DECORANA was employed to put forward a clear ordination of the communities. Soil samples were collected
at depths of 0–20 cm from each quadrat, and site conditions were described by means of soil analyses such as extractable P (NaHCO3),
pH, organic matters, and salinity (%). Differences were detected in the floristic composition of the vascular plant cover in quadrats
located in the abandoned peanut-cultivated fields when compared with control quadrats. This difference occurred with an increase
of weeds and decrease of native psammophytes in terms of species richness and relative coverage. Higher AM colonization rates were
found in the abandoned fields than in the undisturbed sand dunes. These rates were associated with the amount of P2O5 and organic
matters. It was concluded that the increase in those rates was a result of overfertilization and introduction of weeds. Transport of manure
into dune fields enhances the potential for the introduction of weed seeds and results in further development of mycorrhizal symbiosis
through rapid weed colonization. AM colonization rate (%) was detected to be much higher on fibrous and rhizomatous roots than tap
and bulbous roots, respectively. The highest values of AM colonization were detected on the species belong to the family Gramineae.
Key words: Dune vegetation, synanthropic flora, mycorrhiza, agriculture

1. Introduction
The Mediterranean dunes, which range from mobile to
fixed dunes, have been overexploited. Indigenous dune
forests were cleared and were temporarily cultivated or
overgrazed by sheep or goats (van der Meulen and Salman
1996). Similarly, the coastal dune ecosystem of the Seyhan
Delta, about 3200 ha of which was cultivated, is under
risk of detrimental impacts of agricultural practices.
Yılmaz (2002) investigated the impacts of agriculture,
afforestation, and recreation on the sand dunes of the
Çukurova deltas, including the Seyhan and Ceyhan deltas.
Flora and some vegetation characteristics of the Çukurova
deltas have been already examined by Çakan et al. (2005)
and Yılmaz (2002). In comparison to the detailed studies
on the flora and vegetation, the relation between plant
communities and mycorrhizal richness and its presence
in the plant communities on the sand dunes has received
relatively little attention in the Mediterranean part of
Turkey. Therefore, Çakan and Karataş (2006) investigated
* Correspondence: iortas@cu.edu.tr
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the mycorrhizal status of dune plant species in relation to
their life forms along a successional gradient of natural
sand dunes.
Coastal sand dunes are ideal for investigating the roles
of mycorrhiza in succession, as it is possible to examine
vegetation through all serial stages, from the pioneer
to the stabilized zones, in a relatively small area (Çakan
and Karataş 2006). Mycorrhizal colonization has great
importance on plant establishment and growth in sand
dune ecosystems (Sylvia 1989; Sylvia and Jarstfer 1997,
Ramos-Zapata et al. 2011). Previous research on the
mycorrhiza of sand dunes has detailed the mycorrhizal
status of the colonizing plants and the identification,
distribution, and abundance of arbuscular mycorrhizal
(AM) spores (Corkidi and Rincon 1997; Ramos-Zapata et
al. 2011). It has also been demonstrated that the external
mycelium of AM plays a significant role in the process
of dune stabilization, as sand grains are bound together
mechanically by their hyphae (Koske 1975; Sutton
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left bank of the Seyhan River estuary, in the town Tuzla in
the Karataş district (36°40′N–36°44′N, 34°59′E–35°06′E)
(Figure 1). The climate is typical semiarid Mediterranean,
with a dry summer and a rainy winter. The average annual
precipitation is 677 mm and the average temperature is
18.63 °C. The Seyhan River basin shows diverse landscape
features and covers an area of 20,600 km2. Along the
Seyhan Delta, extensive sand dunes and 2 lagoons, namely
Tuz Lagoon and Akyatan Lagoon, form a mosaic structure
of habitats at the coastal edge of the province (Yılmaz et
al. 2004).
Sand dunes (mobile or fixed), sandy beaches, salt flats,
salt marshes, riversides, fresh water marshes, field margins,
and roadsides were classified as the principal habitats of
the area (Çakan et al. 2005). Related to the habitat diversity,
the floristic composition of the coastal area is very diverse.
According to Çakan et al. (2005), the total native flora
of the Çukurova deltas consists of 600 plant taxa. Sixtytwo threatened plant taxa in the total flora (including 31
endemic and 31 rare taxa for Turkey) were designated as
having the most restricted distribution and as being under
threat of extinction.
2.2. Vegetation analysis
Quadrat sampling was performed to understand the
relations between species composition of different
communities and AM colonization. Eight quadrats (10
× 10 m) approximating the mean minimum area with
prevailing plant communities were selected in foredune,
humid dune slack, and salt pioneer sward locations. Of
those 8 quadrats, 3 were in abandoned fields, 4 were in
undisturbed dunes as control quadrats, and 1 represented
a seminatural site. The plant species within each quadrat
were recorded and collected for identification, following
the nomenclature of Davis (1965–1988). During field
works, the species richness (i.e. the number of species)

and Sheppard 1976; Clough and Sutton 1978; Forster
1979; Forster and Nicolson 1981a, 1981b). Mycorrhizal
colonization also benefits soil rehabilitation and erosion
control by stimulating soil aggregation (Abbott et al. 1992;
Ortaş 2002).
Pioneer plants in coastal sand dunes are short of
nutrients (N, P, K) and organic matters, and they are subject
to wide fluctuations in soil moisture and temperature,
injury from sand blasting and salt spray, and excessive
erosion or accretion (Barbour et al. 1985; Maun 1994;
Ramos-Zapata et al. 2011). Although it has been suggested
that mycorrhizae are of great ecological significance to
plants in sand dunes to increase nutrient uptake (Koske
and Polson 1984; Read 1989) where the scarcity of
phosphorus, nitrogen, and potassium can be extreme, this
statement has not been experimentally verified and few
studies have reported the influence of AM on the growth
of sand dune species (Koske and Gemma 1995; Little and
Maun 1996; Beena et al. 2000; van den Koornhuyse et
al. 2003). Previous studies showed a negative correlation
between the intensity of land use and species richness of
sand dune vegetation (Acosta et al. 2000). The species
composition, dominant life forms, and AM colonization
rates in the sand dune vegetation also vary with time
(Çakan and Karataş 2006). Ramos-Zapata et al. (2011)
reported that the density of spores was higher during the
rainy compared to the dry season. The present study deals
with changes in mycorrhizal spore and root colonization
of coastal dune vegetation following peanut cultivation on
the dunes of the Seyhan Delta.
2. Materials and methods
2.1. Study site
The study site is located near the Mediterranean coast of
Adana Province, Turkey. Fieldwork was carried out on the

Seyhan River
Tuz Lagoon
TUZLA
Research area

Akyatan Lagoon

MEDITERRANEAN SEA
N
0

5

10

E

15 km W
S

KARATAŞ

Figure 1. Geographic location of the study area.
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and relative coverage were recorded. Root samples for each
species present in each quadrat were collected to detect
mycorrhizal status from both the undisturbed sand dune
sites and the abandoned fields.
To explain causal relations between AM colonization
and agriculture, the classification used by Yılmaz (2002)
was followed. It enables one to characterize natural dune
vegetation (NDV) and synanthropic vegetation (SV) in
habitats created or influenced by man and livestock.
2.3. Root sampling, mycorrhizal colonization, and soil
analysis
Root samples were obtained from 52 plant species collected
from the quadrats in foredunes, humid dune slacks, and
salt pioneer swards locations. Roots were separated from
the core soil following the method of Ortas et al. (1996).
These samples were preserved in a mixture of ethanol,
acetic acid, and formalin and were cut into 1-cm-long
pieces to determine the root length colonization by AM.
Therefore, 50 root segments from 3 individuals of each
species occurring in each quadrat were obtained. The root
cleaning and staining procedure were performed following
the method described by Koske and Gemma (1989). The
percentage of AM root colonization was calculated as the
number of 1-cm-long infected root segments out of the 50
contained on slides (Giovannetti and Mosse 1980). The
number of spores in a 5-g sand sample inoculate mixture
was counted using the wet sieve extraction method
(Gerdemann and Nicolson 1963). Soil samples were
collected at depths of 0–20 cm from each quadrat and were
stored in polyethylene bags for transport to the laboratory.
The edaphic properties of the soils, such as organic matter,
salinity, pH, and phosphorus, were determined according
to the methods of McLean (1982) and Murphy and Riley
(1962).
2.4. Statistical analyses
Two-way indicator species analysis (TWINSPAN) (Hill
1974) was used to identify the plant communities; similarly,
detrended correspondence analysis (DCA) was employed
to obtain an effective ordination of plant communities and
their relation along the natural and land use gradients.
To understand the correlation between site conditions,
such as organic matter, salinity, pH, phosphorus in soil,
and vegetation characteristics such as life forms and plant
communities, and the data on AM colonization, findings
were analyzed using the Statistical Analysis System (SAS
1987).
3. Results
3.1. Vegetation
During the floristic investigation, 52 plant species were
identified. They constituted 24 perennial, 22 annual, and
6 biennial species. The total coverage of perennials was
recorded as 15% in 8 quadrats, whereas the coverage of
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annuals and biennials was determined as 35%. Relative
coverage of the annuals was determined to be 50% in
the seminatural quadrat and 48% where agricultural
practices were prevalent. The rate of total NDV species in
undisturbed sites (quadrats 2, 3, 6, and 7) was 83%. The
total coverage and species number of NDV was higher
than SV in the quadrats where the sand dunes were
undisturbed. The highest coverage of NDV (53%) was
observed at quadrat 3, where species diversity was very
poor. In quadrat 1, vegetation cover was higher than the
total average and species richness had the maximum value
(25 species).
Occurrence of each species and mean AM root
colonization rates of the TWINSPAN groups are shown in
Figure 2. These groups were compared with syntaxonomic
classifications, covering units of coastal vegetation.
Group A and group B were well matched with EuphorbioAmmophiletea arundinaceae J.M. & J. Géhu 1988, whereas
group C was matched with Arthrocnemetea fruticosi
Tx. & Oberd. 1958, which was the representative of the
halophytic communities occurring in the study site.
The most common species in the study area was
Cyperus capitatus Vandelli. Parapholis filiformis (Roth.) C.
E. Hubbard, Medicago marina L., Sporobolus virginicus (L.)
Kunth, Trachomitum venetum (L.) Woodson, Polypogon
maritimus Willd., Xanthium strumarium L., and Cakile
maritima Scop. were abundant, as well. The average
relative cover of T. venetum, which is a common perennial
psammophyte, was 6.87%. The coverage of this species
was determined to be 17% in the abandoned field (quadrat
4). This indicates that some of the NDV elements can
regenerate when agricultural practices are abandoned.
Differences were detected in the floristic composition
of the vascular plant coverage in the quadrats selected
from the abandoned fields. This difference occurs with an
increase of weeds and a decrease of native psammophytes
in terms of species richness and coverage (%).
DCA was used to give a clear ordination of the
TWINSPAN groups and sampling quadrats along the
environmental variables and land-use gradients (Figure 3).
The vertical axis (axis 1) represents the distribution
of 3 plant communities in relation to the land-use
gradient. Undisturbed foredune plant communities with
lower scores, humid dune slack, salt pioneer sward, and
disturbed foredune communities with relatively higher
scores are located on the vertical axis. Group A, with
quadrats 4 and 5, shows the highest value of relative weed
species coverage, which were classified as SV elements.
The group with the higher scores on the vertical axis
represents disturbed foredune communities associated
with agricultural land use. Group B (quadrats 1, 2, 3, and
6) represents undisturbed and seminatural sites. Relative
species coverage of SV is 39% while NDV is 36% in quadrat
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Figure 2. TWINSPAN groups and species classification of the plant communities. Occurrence and average relative cover
(presence / absence) of each species and mean AM root colonization of the subgroups are combined (*SV elements).

1, which was identified as a seminatural site. Group C
(quadrats 7 and 8) contains halophytic communities,
which are classified as NDV elements, while a few SV
species are associated with this group.
Quadrats 2 and 3 were located at the crossing point of
2 axes, representing undisturbed foredune communities
with typical psammophytes (Euphorbia peplis L. and
Medicago marina L.). Therefore, natural gradients were
identified along the horizontal axis (axis 2), which
represents differences in life forms and site conditions.
The DCA ordination showed that differences in the
distribution of plant communities along the disturbance
gradient are strongly influenced by the land use. The rates

of NDV / SV in terms of species richness (in number) and
relative species cover (%) support the above-mentioned
assertion. These values show differences from undisturbed
sites to abandoned fields. In undisturbed sites (quadrats
2, 3, 6, and 7), the average of NDV / SV was 9 / 2, while it
was 12 / 13 in the seminatural site (quadrat 1), 9 / 9 in the
abandoned fields at the foredune (quadrats 4 and 5), and 6
/ 4 at the salt pioneer sward (quadrat 8).
3.2. Mycorrhizal colonization
AM root colonization rates were higher in the abandoned
fields than in the undisturbed dunes (Table 1), and this
variation along the natural and land-use gradients is
shown in Figure 4.
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Figure 3. An ordination of 3 TWINSPAN groups (A, B, and C) including 8 quadrats
along the natural and land-use gradients.

The mycorrhizal colonization rate was detected to be
22% for Xanthium strumarium L. (a common invasive
weed) collected from the abandoned fields. Mycorrhizal
colonization was found to be only 15% in samples of the
same species collected from the undisturbed dunes. This
increase is closely related to the amount of organic matter,
which was determined as 0.44% in the abandoned fields
and only 0.22% in the undisturbed dunes. The phosphorus
(P2O5) content was 14.0 kg ha–1 in the field soils and
only 10.3 kg ha–1 in the undisturbed dunes (Table 1). In
quadrats 7 and 8, which were located in salt pioneer sward,

phosphorus contents showed differences (43.5 kg ha–1)
when compared with the dune field soils (18.8 kg ha–1).
Relatively higher P2O5 contents were linked with an
increase of mycorrhizal colonization and spore numbers in
the salt pioneer sward community (quadrat 8). Mycorrhizal
colonization was found to be much higher on the fibrous
and rhizomatous roots than on tap and bulbous roots,
respectively (Table 2). Most of the weeds have fibrous roots,
which created much more suitable conditions for AM
colonization than the native psammophytes. Furthermore,
the highest value of AM colonization was found on the
species belongs to the family Gramineae.

Table 1. The site conditions, measured parameters, and mycorrhizal status detected in the sampling quadrats (Fd: Foredune, Hds: humid
dune slack, Sps: salt pioneer sward, Sn: seminatural, Ud: undisturbed, Af: abandoned field).
Quadrat number

1

2

3

4

5

6

7

8

Morphological unit

Fd

Fd

Fd

Fd

Fd

Hds

Sps

Sps

Land use

Sn

Ud

Ud

Af

Af

Ud

Ud

Af

75

40

60

40

40

50

20

90

21

7

7

19

19

10

8

33

Total relative coverage (%)
Mycorrhizal spores (number 10 g )
–1

pH (1:2.5 soil:water)

7.91

8.69

8.69

7.81

7.81

8.14

7.40

7.02

Salinity (hos cm–1)

1400

1500

1500

1600

1600

1100

260

580

0.314

0.224

0.224

0.440

0.440

0.355

0.853

0.763

10.5

10.3

10.3

14

14

12.6

18.8

43.5

18

10

10

19

19

18

13

21

Organic matter (%)
Phosphorus (P2O5, kg ha )
–1

Mycorrhizal colonization (%)
Vegetation type,
mycorrhizal colonization (%)

SV

20

9

28

22

18

22

-

18

NDV

15

10

7

15

15

18

13

22

Root type,
mycorrhizal colonization(%)

Fibrous – Rhizome

19

17

27

26

23

20

17

21

Bulbous–Tap

10

6

6

13

13

13

10

11
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Mycorrhizal colonization (%)

20
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3/fd 7/sps 1/fd 6/hds 4/fd 5/fd
Quadrat number/Geomorphological unit
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Figure 4. AM colonization in 8 quadrats along the natural and
land-use gradients.

3.3. Relationship between soil parameters and land use
and species richness
The contents of organic matter and phosphorus were
relatively higher in the abandoned fields. Salinity increases
while the pH level decreases in humid conditions (Figure
3). The results showed that regeneration of the salt pioneer
sward vegetation was much stronger in comparison
with the foredune community due to increased salinity
and humidity conditions. This can be attributed to low
adaptation capacity of the invasive weeds to high salinity
conditions.
Statistically, the most significant correlation (r2 =
0.931) was observed between relative coverage of SV
and number of mycorrhizal spores (X5 and X7 in Table
2). There was also a positive correlation between SV and
mycorrhizal root colonization. A negative correlation was
found between organic matter and soil pH.
4. Discussion
Clear changes were detected in the abundance of
mycorrhizal spore and root colonization, as well as
some soil properties of the dunes in the postcultivation
phase. Both the floristic composition of the vascular
plant communities and the rate of mycorrhizal root
colonization were different between the abandoned fields
and undisturbed sites. A significant correlation was found
between mycorrhizal root colonization and the species
richness of vascular plants. As indicated by Maremmani
et al. (2003), the increase in the mycorrhizal colonization
rate was associated with and positively correlated with
an increase in floristic richness and plant coverage.
It is obvious that vascular plant richness encourages
mycorrhizal fungi species richness, as well.

In general, the number of mycorrhizal spores and
species richness is higher in uncultivated soil than in
cultivated soil. In a similar work, Tchabi et al. (2009)
reported that species richness of mycorrhizal fungi was
higher in the savanna than in the yam-field soils. In the
case of the present study, the number of AM spores and
root colonization in the dunes were found to be related to
the agricultural land use, which results in the change of the
floristic composition of vegetation (Table 1). It has been
indicated that the degree of structural complexity and
diversity of vegetation and the degree of dune stabilization
may affect the abundance of AM spore (Cordoba et al.
2001). Erikson (2001) found a similar correlation between
plant species diversity (number of plant species m–2) and
colonization of mycorrhiza in seminatural grasslands.
The main factor in the increase of mycorrhizal root
colonization is the SV species richness, which consists of
introduced annual weeds with intensive fine roots (Table
1).
Bothe (2001) indicated that the salt marsh plants in
Central Europe can be strongly colonized by AM fungi
and that the content of fungal spores in such saline habitats
can be extremely high. Salt pioneer swards located in the
study site also had higher mycorrhizal colonization than
the sand dunes.
Plant species’ dependency on mycorrhiza establishment
varies along a continuum from obligate to facultative to
nonmycorrhizal (Barni and Siniscalco 2000). Almaca and
Ortaş (2010) reported that crop rotation or plant successes
have a significant impact on number of spores.
In the study, the average rate of AM colonization of
roots was found to be 24%. The maximum colonization
rate (46%) was observed in the roots of S. virginicus while
the minimum value was only 4% in the roots of Polygonum
equisetiforme Sibth. and Sm. Plant families with lower
mycorrhizal root colonization than the average value
(24%) are Convolvulaceae and Cyperaceae. These findings
are supported by the results of Koske (1988). These families
contain Cressa cretica L. (9%), Ipomoea stolonifera (Cyr.)
J.F.Gmelin (10%), Scirpoides holoschoenus (L.) Sojak (12%),
and C. capitatus (16%). Previous studies showed that most
colonizing plants in sand dunes ecosystems are heavily
infected by AM fungi (Giovannetti and Nicolson 1983;
Peterson et al. 1985; Puppi and Riess 1987; Koske 1988).
Although plant species belonging to families Aizoaceae,
Cyperaceae, Convolvulaceae, and Commelinaceae are
considered mainly nonmycotrophic, Maremmani et al.
(2003) reported that Calystegia soldanella (L.) R.Br. ex
Roemer & J.A.Schultes, a member of the nonmicrophytic
family Convolvulaceae, had no mycorrhizal colonization
in sand dunes of Tuscany, Italy. However, Vardavakis
(1992) stated that the same species had a colonization rate
of 9.2% in a Greek sand dune. Furthermore, mycorrhizal
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Table 2. The correlation between site conditions, vegetation characteristics, and the data on mycorrhizal colonization.
X1

X2

X1

1.000

X2

–0.897

X3

–0.484

0.781

0.224

0.022*

X3

X4

X5

X6

X7

X8

X9

X10

1.000

0.003*

X4

1.000

–0.781

0.726

0.242

0.022*

0.041*

0.563

–0.725

0.395

–0.214

0.739

0.042*

0.333

0.611

0.036*

–0.707

0.355

–0.187

0.494

0.834

0.050*

0.389

0.658

0.214

0.010*

X7

–0.541

0.151

–0.364

0.553

0.931

0.166

0.720

0.376

0.155

0.001*

0.020*

X8

0.490

-0.439

–0.269

–0.023

–0.202

–0.446

0.020

0.218

0.276

0.520

0.957

0.632

0.268

0.962

–0.044

–0.363

–0.711

–0.151

0.489

0.583

–0.281

0.918

0.377

0.048*

0.722

0.218

0.694
0.056

0.130

0.500

X5
X6

X9
X10

1.000
1.000
1.000
0.788

1.000
1.000
1.000

0.044

0.363

0.711

0.151

–0.489

–0.694

–0.583

0.281

–1.000

0.918

0.377

0.048*

0.722

0.218

0.056

0.130

0.500

0.000

1.000

X1 = pH, X2 = organic matter, X3 = salinity, X4 = P2O5, X5 = mycorrhizal spore, X6 = mycorrhizal colonization, X7 = relative cover of
SV (%), X8 = relative cover of NDV (%), X9 = relative cover of annuals (%), X10 = relative cover of biannual and perennials (%), * = P
< 0.05 (significance level).

colonization on C. capitatus (Cyperaceae) (6.9%) was also
reported within the same study. This might be a result
of being in a heavily infected plant community and the
occurrence of neighboring AM plant species.
There are a number of terrestrial, nonmycorrhizal
plants, and there are several factors contributing to
this condition. First, many short-lived annuals are
nonmycorrhizal. The reason for this is that mycorrhizal
infection typically take weeks or months to form, and the
plant may finish most of its lifecycle in that time. Given
that mycorrhizae require a considerable expenditure of
resources before they start returning nutrients to the plant,
a short lifespan indicates loss of the mycorrhiza. However,
grasses and many other monocots have dense, fibrous
root masses that can be either obligatorily or facultatively
mycorrhizal, depending on ecotype and site conditions.
Erikson (2001) observed that the interaction among site
history, nutrient status, and mycorrhiza explained the high
species diversity usually found in seminatural grassland.
Highly significant differences were detected in AM
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colonization between the sites with different management
history. Individuals from the sites with a long continuous
management regime had a higher colonization rate than
the individuals from sites with short or interrupted
management regime. There probably is a rapid arrival of
potential hosts during the first years of abandonment,
and, in consequence, the propagule density is high due
to the incorporation of plants, such as weed species,
that stimulate the production of propagules (Jordan et
al. 2000). Guadarrama et al. (2008) also concluded that
traditional slash-and-burn agricultural practices (lowinput agriculture) do not eliminate AM propagules and,
in consequence, do not affect their dynamics, which may
support the natural plant community regeneration.
Orlowska et al. (2002) reported that, although Biscutella
laevigata L. is a member of Brassicaceae, which known as a
nonmycorrhizal family, this species formed AM symbiosis
on both heavy metal-contaminated and noncontaminated
sites. Besides vesicles and coils, arbuscules were also
observed, especially in roots collected prior to seed
maturity.
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It is known that Chenopodiaceae and Brassicaceae are
nonmycorrhizal. Allen et al. (1989) argued that Atriplex
gardneri (Moq.) D. Dietr. was vesicular-arbuscular
mycorrhizal as arbuscules could be found during a
short period (2–3 weeks) of the year and even the
nonmycotrophic annual Salsola kali L. formed arbuscules
for short intervals (2–3 days) as seedlings. Alternatively,
Allen and Allen (1990) reported that limited mycorrhizal
fungal activity of the perennial Atriplex confertifolia (Torr.
& Frem.) J. Wats. could be found, but only when the
mycorrhizal fungi were associated with a neighboring
mycorrhizal grass.
Differences in soil nutrient status, particularly the
amount of phosphorus between abandoned fields and
undisturbed control sites, were observed. It was measured
at 14 kg ha–1 in quadrats 4 and 5, while it ranged between
10.3 and 12.6 kg ha–1 in undisturbed foredune and humid
dune slack areas. It is well known that the organic matter
and phosphorus are higher in pioneer swards than sand
dunes. The amount of phosphorus in the abandoned fields
located in the salt pioneer sward was measured at 43.5
kg ha–1, while it was only 18.8 kg ha–1 in the undisturbed
site. All these findings indicate that agricultural activities,
including overfertilization, result in changes in the
amount of organic matter and phosphorus in the dunes.
It was stated that the most effective factor in the change
of floristic composition of dunes is seed transportation
by manure, which is used for fertilization (Yılmaz 2002).
Together with the elevated amount of organic matter
and phosphorus in the dunes, the introduction of seeds
causes a rapid weed colonization that promotes further
development of mycorrhizal symbiosis.
Isobe et al. (2008) reported that there was a significant
difference in spore density among the sampling sites. In
the present experiment, there was a positive correlation
between extractable P and mycorrhizal spores. Since sand
dune soils have low extractable P, there may be a threshold
for the P level. It was reported that the density of AM fungal
spores in the soybean fields was negatively correlated with
the available phosphorus content (Isobe et al. 2008). The
lower concentrations of soil phosphorus may stimulate

AM colonization and activity (Smith and Read 2008). On
the other hand, the infection ratio was positively correlated
with spore density and soil pH (Table 2).
The results of Li et al. (2007) showed that the
colonization of different AM structures and the spore
density varied greatly among plant species both within
and between different land-use types. Similarly, Oehl et
al. (2009) observed that under organic farming conditions
AM communities from distinct agroecosystems differed
in species composition and seasonal and succession
sporulation dynamics. Ramos-Zapata et al. (2011) showed
seasonal mycorrhizal colonization changes in coastal
dunes of Sisal, Mexico.
Nevertheless, the results of the present study represent
only 2 years of succession. In order to obtain more reliable
data concerning changes in the soil nutrient status of the
sand dunes and its impact on plant diversity and AM
colonization, long-term monitoring is essential. The results
indicate that changes occurred in vascular plant species’
richness and mycorrhizal spore abundance of coastal dune
vegetation following peanut cultivation on the dunes.
The change in floristic composition occurred with an
increase of weeds and a decrease of native psammophytes.
Ecologically, it is important to protect psammophyte flora
and the sand dune itself for biodiversity and sustainability.
Since AM colonization plays a significant role in the
process of sand dune stabilization, and it benefits dune
rehabilitation and erosion control through stimulating soil
aggregation, it is strongly recommended to introduce AMinoculated indigenous dune plants to restore degraded
dunes.
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